Instrumentation for studying action spectra in controls and various light-associated diseases is described. This study summarizes tests performed with a prism grating monochromator during the last 10 yr. There were 68 photodermatoses studied: xeroderma pigmentosum (XP) (1), lupus erythematosus (LE) (12), polymorphous light eruption (PLE) (23), solar urticaria (4), actinic reticuloid (2), halogenated salicylanilide photosensitivity and persistent light reactors (11), psoralen photosensitivity (6), and porphyria (9) . A normal minimal erythema dose in the UVB (below 320 nm) was generally observed in polymorphous light eruption and lupus erythematosus. The most exquisite photosensitivity for delayed erythema was observed in actinic reticuloid, which in one case was 25-35 times more sensitive in the UVB range which was also observed but to a lesser extent in XP and in persistent light reactors. Persistence of erythema and edema at test sites was observed in XP, PLE, LE, and actinic reticuloid. A delay in development of erythema reaching a maximum at 72 hr was observed in XP and psoralen phototoxicity. Maximum photosensitivity occurred in solar urticaria. Three patients had peak sensitivity in the range of 310-313 nm and the 4th at 460 nm. Photosensitivity in the visible range was detected in 2 patients with solar urticaria, one with actinic reticuloid, and confirmed in 9 patients with porphyria (405 nm). Photosensitivity in the UV A (above 320 om) occurred to some degree in all groups.
Normal Shin Plus Radiation
Photosensitivity in the normal population may be seen particularly in the type I, always burn, never tan; usually the Celt with freckling and red hair (pheomelanin) or type II, always burn, poorly tan; usually fair-complexioned Caucasians. The spectrum of terrestrial radiation causing sunburn occurs from ultraviolet light (UV) in the range of 295 nm up to 320 nm [2] [3] [4] [5] [6] [7] [8] [9] [10] . The specific chromaphore, or principal light-absorbing molecule, initiating UV erythema is not known but could be epidermal DNA [11] [12] [13] [14] [15] . Other factors which have been proposed include release of lysosomal enzymes [16, 17] from epidermal damage.
Normal Shin with Deficient M elanin Plus Radiation
Photosensitivity in such patients without melanin, such as vitiligo or albinism,-might be included in this group [18] .
Abnormal Shin Plus Radiation
This is a complex group in which the cause of the abnormal response to light has not yet been determined but would include xeroderma pigmentosum [19] [20] , polymorphous light eruption [21] [22] , lupus erythematosus [23] [24] , solal' urticaria [25] [26] [27] , and actinic reticuloid [28] [29] .
Normal Shin with an Exogenous Agent Plus Radiation
Examples in this group would include such agents as psoralens [30] [31] [32] [33] [34] [35] , Chlorpromazine [36] , coal tar products [37] , halogenated salicylanilides [38, 39] .
Normal Shin with an Endogenous Agent Plus Radiation
One of the better known examples in this group would be circulating porphyrins as in porphYl'ia [40] [41] [42] .
INSTRUMENTATION
The most important features which determine the effectiveness of a monochromator are spectral range, wavelengths, resolution, power, and stray light. These characteristics are not of equal importance in all applications and the choice of the most suitable monochromator by an investigator depends on his particular program and needs. Radiation for action spectra studies on patients have been in the wavelength range of 240-740 nm so that either a quartz prism (Magnus et al, 1959 [2] ) , a grating monochromator (Sayre et ai, 1965 [7] ) , a double grating (Berger et al, 1967 [10] ) or interference fIlters [39] may be used.
Stray Radiation-Reduced by Double Monochromators
The characteristic of monochromators that may cause the most trouble is stray radiation . For practical purposes, in the study of action spectra, this may be described as radiation of wavelengths which are not selected but are emitted at the exit of a monochromator. This unwanted radiation which has appeared by a process of scattering, reflection, and diffraction and by merging at the exit slit could create a background of radiation that might interfere with the interpretation of the action spectrum. For example, a patient who reacts with delayed erythema after a 1 sec exposure in the 300 nm range is tested with a monochromator at 330 nm for more than 1,000 sec; if stray radiation is of the order of 0.1-19% and erythema then occurs, the problem is to interpret whether the patient is sensitive at 330 nm or whether other wavelengths are responsible. 21 One method of significantly eliminating stray radiation can be achieved by using a double prism-grating monochromator. A double grating monochromator used to study action spectra has .been described by Berger, Urbach, and Davis [10] (1968) . Their instrument, a Spex Model 1400 (Hilger-Engis) has a double grating, each ruled at 1,200 lines/ mm a nd blazed at 300 run, size 102 X 102 mm, using a Czerny-Turner mount, relative aperature f/6.8. Inverse dispersion 1.08 nm/mm at the first exit and 0.54 nm at the second exit slit. The intensity for 300 nm radiation at the fust exit was 1.95 uW/cm 2 / nm and at the second exit 0.6 uw/cm 2 / nm using a 2.5 kw xenon lamp. The data emphasizes that a strong light source is required if a double monochromator is used because of the considerable loss of intensity at the final exit slit. However, the stray radiation from such a monochromator was determined to be in the order of 10-5 • 
APP ARATUS AND METHODS
A high-intensity prism-grating monochromator was assembled in our laboratories and is described. The idea was based on a report by Johns and Rauth (1965) [43] who reduced stray radiation by using a prism as a predisperser for their grating. It was also considered that a quartz prism for the disperser in the first monochromator would be less subject to damage by heat. A high intensity prism-grating monochromator is shown in the line diagram ( Fig 1) .
Monochromators
Monochromatic radiation is obtained with 2 instruments: first a quartz prism monochromator Model No. D285 (Hilger and Watts) which acts as a predisperser. The 60° prism measures (height x face length) 45 X 69 mm. The collimating and focusing mirrors M, and M 2 have a focal length of 330 mm and apertures of f/5.0. The selected predispersed monochromatic radiation enters a second grating monochromator, Model 600 (Hilger-Engis) in which the collimating and fo cusing mirrors (M3 and M.) have a focal length of 600 mm and an aperture of f/5.2. The entrance slit of the grating instrument has been removed and the 2 instruments are joined at the exit (S2) of the prism instrument and aligned on an optical bar. An accessory bar was placed under the Model 600 to compensate for a 2.7 cm difference in height. The grating measures 102 X 102 mm with 1,200 lines/ mm blazed at 300 nm (Bausch & Lomb). A plane exit mirror, M s is placed at 45° to the light path so that an exit slit (Sa) was put in the side wall of the monochromator to facilitate photobiological studies. A quartz lens focal length 2.54 cm, 2.54 cm in diameter, is positioned outside the exit slit 8 :1 and focuses the selected monochromatic light beyond the instrument, in the center of a circular metal ring, aperture 8 ". The focused monochromatic radiation covers an area approximately 4 X 5 mm . 
Slits and In verse Dispersion
For practical purposes, the usual operating slit width of the e ntrance slit of the prism monochromator is fixed at 2 mm. The slit widths of the S 2 and S:I of the grating monochromator are varied according to the desired band width of selected wavelength. The inverse dispersion of the grating used (1,200 lines per mm) is 1.39 nm/ mm. The bandwidth of monochromatic radiation at 84 selected for this action spectrum study was 4 nm so that the width of the slit S:I was fixed at 2.88 mm.
Mounting
The table used for mounting the monocru'omators is wood with metal cylinder legs screwed to the floor a nd the side wall. A slab of marble 2.54 cm thick and 74 cm X 112 cm covers the wood surface and is buffered by thin strips of hard rubber. Covering the marble is a 6-mm thick steel plate on which the monochromators stand. The steel plate is held down frrmly on the table by clamps which can be released if a change in position of the instrument is required. A 38 cm piece of optical bar is fumly attached at a point 10 cm beyond the monochromator exit at the edge of the steel plate. This optical bar is fitted with a n adjustable mounting rod which supports a circular metal ring with a central aperture (84 ) at which point either the thermopile or the subject is positioned.
Lamp Housing
The selected lamp is situated within 2 enclosures (Fig 1) . The inner one measures approximately 23 cm X 23 cm a nd the other 46 cm X 56 cm with a 56 cm height. The housing lies above and is joined to a larger base unit ( Fig 2) . Situated in the base unit are the controls and fans. Two exhaust fans cool the lamp and remove ozone to an outside vent; 2 smaller fans cool the 7.5 cm diameter quartz window W 01' W I at the exits of the housing. The base unit contains the lamp igniting unit, an IG 10 A and an MHX2500-2S power supply (Christie Electric Corporation), which is a silicon type rectifier. Erythema action spectrum (EAC) on controls, untanned human skin. Minimal erythema at selected wavelengths (4 nm half bandwidth) corresponds with observations at 24 hI' after exposure with error bal's indicating SD. The reciprocal of the value of the curve at a given wavelength is the minimal dose to produce erythema (MED).
CRIPPS

Radiation Sources
The rectifier can be used to power lamps in the range of 0.45 to 2.5 kW xenon or xenon-mercury. Individual lamps used are fitted with additional adapters at the anode and cathode electrodes so that all selected lamps have the same length and the arcs of the lamps are positioned in the center of the optical path. A comparison of their relative intensity at various wavelengths is recorded in Table I .
Optics
Radiation intended to be dispersed by the monochromators first passes thTOugh quartz window W on the left, enters a cylinder 46 cm long containing two 7.5 cm diameter quartz condenser lenses (L) of focal length 25.4 cm and 38.8 cm. Removal of heat in the condensed beam is partially achieved as the radiation passes through a quartz window water bath which is designed also to hold 3 fllters, 5 cm x 5 cm, if required. A timed shutter is positioned at the exit of the cylinder. The entrance slit S, of the fIrst monochromator is covered to prevent entrance of dust with a quartz window which is cooled by a small fan as radiation passes through. No heat absorbing filters other than water were used in this optical system. 
Measurement of light intensity:
Stray Radiation Characteristics
The criterion we used for evaluating stray radiation of this instrument was a comparison of intensity 2.5 bandwidths away from the center of the selected primary radiation peak. In this test the radiation source was a low pressure mercury lamp with maximum emission at 253.7 nm transmitting radiation thI'ough a n interference fllter (18.2% transmission at 260 nm and a bandwidth of 17.4 nm at 50% transmission), placed at the entrance of the instrument at S, . Measurements of relative intensity were made with a photomultiplier tube R136 Hilger-Engis using a Keithley 240A voltage supply and a 414S Pico ammeter as a read-out instrument. The slit widths of S CI and S. were set for transmission of radiation at 4 nm bandwidth, as used in this action spectra study . Stray radiation was less than 0.001%.
METHODS OF DETERMINING ACTION SPECTRA
Test Procedure
The skin on the dorsa of the trunk was the site tested in all subjects; an area approximately 4 X 5 rt:Jm was irradiated with 3.66 X 10 3 ±3.46 X 10" 3.87 X 10" ±2.98 X 10" 265 3.68 X 10" ±1.50 X 10" 7.25 X 10:' ±6.39 X 10" 270 6.32 X 10' " ±5.54 X 10" 8.5 X 10" ±8.l7XlO" 275 ' 6.36 X 10 3 ±4.24 X 10" 9.59 X 10" ±7.94 X 10" 280 7.02 X 10:' ±5.50 X 10" 8.1 8 X 10" ±4.94 X 10" 285 6.62 X 10" ±4.75 X 10" 7.8 X 10" ±6.1 X 10" 290 6.11 X 10" ±4.28 X 10" 6.19 X 10" ±3.62 X 10:) 293 5.40 X 10" ±2.80 X 10" 5.59 X 10" ±2.58 X 10' " 296 7.35 X 10" ±3.43 X 10" 6.86 X 10" ±1.99 X 10" 300 1.28 X 10" ±4.43 X 10:) 1.16 X 10" ±3.73 X 10" 305 3.02 X 10" ±7.4 X 10" 2.51 X 10" ±7.6 X 10" 310 2.38 X 10" ±5.7 X 10" 2.24 X 10" ±3.9 X 10" 3 13 3.49 X 10" ±6.6 X 10" 3.71 X 10" ±5.7 X 10" 320" 5.60 X 10" ±3.5 X 10" 3.99 X 10" ±3.0 X 10"
Vol. 77, No.1 selected wavelengths. The half bandwidth selected in all of the following studies was 4 nm. The time of exposure was calculated to give a dose in the presumed range of normals as shown in the following table. The dose was given in 20% increments. In initial studies on controls the MED was read at 8 and 24 hr but for subsequent comparison of patients with photosensitivity all MEDs were observed at 20-24 hI'. The results were read by the same observer under the same lighting conditions. The MED was defined as the minimal quantity of erythema that just filled the irradiated area.
Wavelength (nm) Dose Range (uW-sec/cm 2 ) 250 280 290 295 300 305 313 1.0 X 10" to 6.4 X 10:) 3.5 X 10:1 to 2.4 X 10 3 2.5 X 10' " to 2.0 X 10· 3.4 X 10" to 1.5 X 10" 6.0 X 10" to 2.5 X 10" 1.2 X 10 4 to 4.0 X 10' 2.0 X 10" to 5.6 X 10"
Quantitative data for the MED at the selected wavelengths in 8 subjects at 8 hr and 19 subjects at 24 hI' is recorded in Table I .
Results
The most effective wavelength for producing erythema was at 250 nm. The quality of erythema below 280 nm was pink and despite increasing the dose the color remained the same, in contrast to the erythema produced by wavelengths above 290 nm, in which an intense erythema and edema developed with increase of dose. The MED below 280 nm was more easily observed at 8 hI' rather than at 24 hI'. The most effective wavelength above 290 nm was in the range of 292.5-294 nm ( Fig  2) . Considerable difficulty was obtained in producing erythema with 320 run or above.
ABNORMAL SKIN PLUS RADIATION
XERODERMA PIGMENTOSUM
Xeroderma pigmentosum (XP) is a rare disease of autosomal recessive inherita nce, characterized by hypersensitivity of the skin to sunlight and subsequently actinic damage to skin associated with pigmentation, atrophy. telangiectasia, keratoses, and carcinomas. The association of sunlight in the production of cutaneous changes in XP has been well-documented clinically and in many previous reports. Rothman, one of the earlier investigators, in 1923 [44] reported a normal reaction to a single dose of UV radiation but noted the normal disappearance of the erythematous reaction was prolonged. Martenstein [45] , in 1924, also r eported delay in the development of reaction to UV radiation but he stated that erythema was more marked in XP than in normal subjects. Heiner's [46] observation agreed with those of Rothman and he also observed that the chronicity of the reactions was more marked on the changed exposed skin than it was on the unchanged skin. A study by Lynch [47] in 1934 using a nonchromatic light source, a high-pressure mercury lamp, suggested m aximum photosensitivity occurred between 280 and 310 nm. Rottier [48] , although not performing action spectra studies, observed that the MED for 297 nm was delayed 48-72 hr, whereas the MED for 250 nm appeared normally, 10 to 14 hI' later.
ACTION SPECTRA OF XERODERMA PIGMENTOSUM
The subject, a 26-yr-old female [19] with a history of photosensitivity since the age of 3 mo, in which short expOSUl'e to sunlight in spring and summer produced an exaggerated sunburn of the skin, had developed numerous keratoses and freckles. The patient was mentally retarded and considered to have De Sanctis-Cacchione syndrome [49, 50] , appeared older than her stated age, had bilateral 8th nerve hearing loss and chorea ath etos is. T he action spectra was reported by the investigator [19] (1970).
Methods
The patie nt was irradiated on t he mid -dorsa of the trunk in t h e range of 250-350 nm with dose given in 20% increments to de termine the MED.
Results
The action spectrum of this patient with XP (Ta ble II) differed in several ways from t h e standard eryt hema curve of controls. In XP erythema was delayed a nd peak intensity for all wavelengths occurred at 72 hI' with the most effective wavelength at 293 nm (MED 1.1 X 10 3 uW .sec/cm 2 ) . The MEDs for all wavele ngths other than 250 nm were s lightly lower than normal, but also differed from controls in t hat erythema could be produced with longer wavelengths up to 340 nm (Fig 3 a nd  Fig 4) .
LUPUS ERYTHEMATOSU S
Lupus erythematosus (LE) gained its name, the red wolf, from the characteristic clinical a ppearance of cutaneous lesions, 
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No r eaction No reaction a Action spectrum in 1 pa tient with xerod erma pigmentosum in t he range of 250-340 nm with pea k se nsit ivity at 293 nm. The most strikin g observat ion was the delay in development of erythema a t 24 hr. often seen on t h e malar and other light-exposed a reas. Sunlight as a factor in the induction or exacerbation of LE is a common experie nce of clinicians and has been well documented [24,51 -60] since earlier observations by Fiet [57] in 1927 a nd Bria n [52] , 1933.
Kesten and Slatkin [53, 54] reproduced LE-like skin lesions with artificial polychromatic ul traviolet light (UV) ; over-exposure to radiation in one instance was followed by features of systemic LE (SLE) that lasted several weeks. Baer a nd H a rber [56] a nd Epstein, Tufa nelli , a nd Du Bois [57] irradiated patients with various forms of LE with artificial light . The latter report 5 of 9 patie nts developed lesions that were compatible with LE at test sites. Everett and Olson [58] observed persistent erythema at the test sites in 3 of 8 LE patients. Reproduction of cutaneous LE with monochrom atic radiation at 300 nm was described by Freeman, Knox, a nd Owens in 1969 [59] . In 10 patients who had been tested for LE, 4 developed LE-like lesions a nd 4 developed erythem a which persisted for 2 to 4 weeks after radia tion; the other 2 patients had a normal sunburn r esponse and eryt he ma faded 2 to 3 days later.
ACTION S PECTRU M OF LUPUS ERYTHEMATOSUS
The purpose of this study was fU'st to determine t he erythem a action spectra in patie nts with LE as compa red to controls a nd second a n attempt to reprodu ce LE-like lesions with selected wavelengths. The study a lso included a determination if and when a positive band test (presence of immunoglobulins) would develop at t he epidermal-dermal junction.
Materials and M ethods
Twelve patients were selected, 6 wi t h DLE who were not clinically sensitive to sunlight and 6 patients with disseminated DLE who were known to be sensitive to sunlight either by recent exacerbation of preexisting lesions or development of new lesions on light-exposed ar eas. Also, patients in this group had extensive LE lesions on fa ce, neck, and arms. The diagnos is was made clinically and confirmed histologically . An additional criterion for selection was that immunofluorescent antibodies were not detectable in uninvolved skin, only in the involved skin. The relevant clinical and laboratory features of these patients are summarized elsewhere (Cripps and Rankin, 1973) [24] .
Results
The action spectra in both groups of LE showed that the MEDs at each wavelength were within the standard deviation of normal, although mean MEDs of the 6 photosensitive disseminated DLE patients was lower than the mean (Table III) . In 3 patients erythema could be produced up to (but not above) 330 nm, in contrast to controls.
Reproduction of LE-like Lesions with Monochromatic Radiation
Abnormal persistent erythema was produced on the uninvolved skin of the trunk or upper arm on 6 patients with disseminated DLE when it was irradiated in duplicate at 250, 280, 290, 295, 300, and 305 nm. Test sites were i.lTadiated with 10 MEDs or with 8 MEDs only and 5 MEDs repeated on the same site 3 days later. This is referred to as a delayed erythema dose (DED), based on a screening test for patients with LE and polymorphous light eruption described by Esptein [61, 62] . The duration of erythema before finally fading produc~d by these monochromatic irradiated test sites was noted. During this time, skin bi.opsy specimens for hematoxylin and eosin and immunofluorescence [63] [64] [65] were taken from test sites at 2 weeks and subsequently at intervals from 6 weeks to 12 mo. If the test site was positive a control biopsy specimen was taken from neighboring' uninvolved skin.
Results
Abnormal persistent erythema was produ ced at DED test sites in all 6 patients. Erythema produced by 250 nm was faint and faded earlier, whereas erythema produced by wavelengths 290-305 nm lasted up to 10 weeks in all 6 cases and up to 9 mo in 1 case. The erythema observed at 24 hr resembled sunburn erythema with development of edema. In the second week there was less edema and development of a fine scale over the erythematous test site. In 4 cases the histopathology was compatible with LE. Immunofluorescence studies were negative in all cases a( 2 weeks but in 2 patients antibodies were demonstrated at the dermal-epidermal junction in 1 case after 8 weeks and in a second, after 6 mo. " Action spectra studies on 6 patients with fixed DLE which were in the range of normal cont rols, and 6 patients with disseminated DLE who gave a history of photosensitivity; although the MED was within the range of normal controls, sensitivity did occur up to 330 nm.
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POLYMORPHOUS LIGHT ERUPTION
The clinical pattern of polymorphous light eruption (PLE) as depicted by the name is pleomorphic in character as evidenced by the type of eruption: papular, plaques, eczematous, or vesicular. In the following studies patients presenting with lupus erythematosus, solar wticaria, actinic reticuloid, and persistent light reactors associated with photoallergy or phototoxicity are excluded.
ACTION SPECTRUM OF POLYMORPHOUS LIGHT ERUPTION
Subjects
Twenty-eight patients with PLE were studied by action spectroscopy in which the diagnosis was established by clinical history, appearance, histopathology, and a preliminary UVB screening tesCThe MED was established with UVB using an 850 W medium-pressure hot qwutz-mercury lamp. A test site was irradiated with 8 MEDs (known as the delayed erythema dose, DED). The test site was re-irradiated 5 to 7 days later with 5 MEDs and in all cases of erythema and edema persisted for more than 14 days. The patients' ages ranged from 11 to 51 yr and they were mostly women (24/28).
Methods
Patients were irradiated on the mid-dorsa of the trunk in the range of 290-350 nm. The MED was determined at 24 hr.
Observations were made on the persistence of the erythema.
R esults
The action spectra in 23 patients with PLE with MEDs within the mean of controls in the range of 290-315 nm are shown in Table IV . In 5 patients sensitivity was obtained up to 330 nm and in 1 patient up to 365 nm, although the MED below 315 nm was also in the normal range.
SOLAR URTICARIA
Solar urticaria is a dramatic but relatively uncommon type of photosensitivity which develops rapidly within a few minutes of exposw-e to sunlight or to relevant artificial light sources. Harber [66] and his associates in 1963 described 5 cases and in reviewing the literature certain distinctions became apparent which suggested that there were 5 categories of solar urticaria which could be classified in the spectral range of 285-320 run (UVB), 320-400 nm (UVA), 400-500 nm (violet-blue), and 280-500 nm (full spectral range). In addition, a serum factor possibly responsible for urticaria could in some instances be passively or even sometimes reverse passively transferred. Sams [67] re- .91 X '10" 6.74 X 10" 1.11 X 10" 2.42 X 10" 1.93 X 10" 3.44 X 10"
Standard deviation ±2.6 X 10" ±3.6 ± 10" ±5.2 X 10" ±1.1 X 10" ±5.5 X 10' ±0.9 X 10 4
" The action spectra of polymorphous light eruption was tested in 28 patients in the ra nge of 290-365 nm. In 23 patients shown in this table the action spectra was in the mean of normal controls. ported 2 cases with solar urticaria occurring in t he sunburn range below 320 nm, in which the urticaria could be passively transferred . Subsequent studies suggested that t he activity is a globulin, not IgG or IgM but most likely IgE or IgA. In most cases of solar urticaria the cause or chromophore responsible has not been determined, if erytluopoietic protoporphyria [40, 42] is excluded from this group. The largest series in which solar urticaria was studied by action spectroscopy is that of I ve, Lloyd, and Magnus [25] , who described 17 cases.
ACTION SPECTRA OF SOLAR URTICARIA
Subjects
The investigator has studied 4 unusual cases of solar urticaria; case 1 [26] and case 3 [27] have been reported, but all 4 cases are briefly su mmarized in Table V . In only one instance (case 4) was urticaria passively transferred; serum was injected intradermally into a volunteer and when irradiated at 460 nm erythema and a wheal were produced. The patient (case 3) with benign h ypergammaglobulinemic purpura and solar urticaria is of sufficient interest to summarize as follows: March 14 , 1958 , with symptoms of so lru' urticru'ia and purpura on the lower legs s ince t he age of 6. Laboratory data: The patient· was moderate ly anemic with a hemoglob in varying from 9.0-12 gm, the platele ts were norma l, Coombs test was negative. The rheumatoid fa ctor was 1 :640, a ntinuclear antibodies were negative, LE cell test was negative. Bence-Jones protein was negative. Cryoglobulins were positive, total protein was elevated, 9.3 grams, particularly the globu lins 5.6 gm and a raised IgG of 3520 mg%. IgA was 306 mg%, IgM 200 mg%, B\C 167 mg% a nd haptoglobin 267 mg%.
Results
The action spectra of the 4 cases are shown in detail in Table  VI for immediate eryth ema and does not include the dose for whealing, which would occur with as little as a 20% increase in the dose. In case 1 immediate erythema occurred in the range of 250-460 nm with peak sensitivity at 310 nm (1.0 X 10 3 uW.sec/cm 2 ). In case 2 the effective range for immediate erythema was 250-365 nm with peak sensitivity at 310 nm (2.3 X 10 3 uW .sec/cm 2 ). In case 3 the effective range was from 310-365 nm with peak sensitivity at 313 nm (5.6 X 10 5 uW.sec/cm 2 ).
In case 4 the effective range was 380-515 nm with peak sensitivity occurring between 450-470 nm (5.0 X 10 4 uW.sec/cm 2 ). A suggested classification for solar urticaria is shown as follows, illustrated by each of these 4 patients. In only one patient (case 4) was urticru'ia passively transferred.
ACTINIC RETICULOID
In 1969 Ive et aI [28] proposed t h e name "actinic reticuloid" for the condition seen in a group of elderly men who had a chronic dermatosis associated with severe photosensitivity and histologic resemblance to a lymphoma.
ACTION SPECTRA IN ACTINIC RETICULOID
Subjects
Action spectra studies have been performed on 2 patients in t his report (Table VII) . Case I is a 54-)!l'-0Id man [29] with a past history of chronic dermatitis since childhood who developed photosensitivity in 1975. He presented with a chronic dermatitis on the face, neck and upper back, "V" of ch est, arms, a nd hands. Skin biopsy in 1978 showed mycosis fungoides and circulating Sezary cells. Ultrastructural studies demonstrated the existence of lymphoid cells with hyperconvoluted nuclei, 2.3 X 10:\ 9.0 X 10 2 9.0 X ]0 2 6.4 X 10 2 6.4 X 10 2 4.5 X 10 2 2.3 X 10 2 4.5 X 10 2 3.0 X 10" 1.5 X 10' 1.7 X 10' Neg Case 3 8.0 X 10" 5.6 X 10" 6.0 X 10" 7.0 X 10" 7.5 X 10" Neg 
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CRIPPS typical of the mycosis fungoides cell or Sezary cell, within the epidermis, dermis, and peripheral blood. A course of topical nitrogen mustard and oral chlorambucil treatment was not helpful. When evaluated by the investigator for photosensitivity in August 1978, preliminary studies showed exquisite photosensitivity. Action spectra studies were performed; results are shown in Table VII .
Case II: A 57- year-old patient with photosensitivity s ince age 52 with development of erythema through window glass presented with a lopecia of the scalp and eyebrows, chronic infiltrated dermatitis of face, neck, and upper chest a nd infiltrated plaques on abdomen and thighs, clearly more severe on the light-exposed areas. Skin biopsy from wrist, neck, and abdomen showed histopathological findings compatible with mycosis fungoides. Photoallergy tests were negative but it was observed that there was some eryt hema in the test sites.
Methods
Both patients were irradiated in the mid-dorsa of the trunk and tested in the range of 250-650 nm.
Results
The patient (case 1) represents the most photosensitive patient that the investigator has tested; not only in the UVB range is the MED lower than normal, e.g., at 293 nm is 25.4 times, at 305 nm is 27.9 times, and at 313 nm is 35.3 times more sensitive than controls. Photosensitivity was detected in the UV A at 335 nm, 365 nm, and in the visible range up to 546 nm., No photosensitivity was detected in the yellow or red part of the spectrum. The patient (case II) was approximately 2.5 times more sensitive in the UVB range in contrast to case I, who is 10 times more sensitive than controls. However, photosensitivity also occurred in the UV A but not in the visible part of the spectrum.
NORMAL SKIN PLUS EXOGENOUS AGENTS PLUS RADIATION PSORALEN PHOTOTOXICITY
It has been well established by previous observations and investigators that 8-MOP and TMP administered systemically and applied topically extend the range of effective ultraviolet radiation beyond 320 nm to give erythema with the normally harmless UV A radiation [30] [31] [32] [33] [34] [35] . Two investigators [31, 38] have observed that the maximum for erythema of 8-MOP on human skin is 360 nm. Buck, Magnus, and Porter [31] , in 1960 reported that 1% 8-MOP applied topically in humans had a maximum sensitivity at 360 nm with an effective range of 320-370 nm. Pathak, in 1962 [30] , using oral 8-MOP in guinea pigs established the biological action spectra to be a maximum at 360 nm with a range of 340-380 nm. Owens, in 1968 [33] , observed that 8-MOP administered orally to guinea pigs had a maximum sensitivity at 330 nm. Nakayama made a similar observation in 1974 [34] in a study using topi~al application of both 8-MOP and TMP on guinea pigs: he noted that the peak sensitivity oc'curred in the range of 330-350 nm with a maximum at 330 nm. Since these studies were at variance it was proposed to reevaluate the action spectra of both topica18-MOP and TMP on human skin and correlate this with the absorption spectra Vol. 77, No.1
Methods
The MED was initially determined in the range of 295-320 nm without psoraiens. Subsequently topical psoralens were applied and 30 min later irradiated in the range of 295-380 nm. The psoralen-induced erythema was delayed and the minimal phototoxic erythema dose (MPED) was determined after 72 hr.
Results
The action spectra for 0.1% 8-MOP and for 0.1% TMP are seen in Fig 5 and 6 and in Table VIII . The 0.1% 8-MOP was on average 54% less sensitive than TMP in the range of 313-365 nm. The range of photosensitivity was 313-380 nm. The mean MED at 295 and 305 nm were the same on normal skin and on the' test sites with the psoralens. However, the mean MED at 313 nm with UV alone was 340 mW.sec/cm z but photosensitivity was considerably enhanced with the application of psora lens, with 8-MOP the dose was 90.0 mW.sec/cm 2 , which is 3.5 times more sensitive; with TMP it was 62 m W.sec/cm 2 , which is 5.5 times more sensitive.
The range of sensitivity for 8-MOP was 313-380 nm with peak sensitivity at 330 nm, mean MED 60 mW.sec/cm 2 and for TMP was 41 mW.sec/cmz. In contrast to some previous reports the maximum photosensitivity was not seen in the region of 360 nm.
In conclusion, the results suggest that 8-MOP and TMP are significantly photoreactive in the longer UVB (313-320 nm) as well as in the shorter UVA (320-335 nm) , whereas the UVA of 365-380 nm is 10 to 20 times less effective.
PHOTOSENSITIVITY TO HALOGENATED SALICYLANILIDE
Bithionol, halogenated salicylanilides, and related compounds were extensively used as antimicrobial agents by various manufacturers in soaps and cosmetics dw-ing t he 1960s a nd early 1970s but the investigator has not seen any new cases of photoallergy to these compounds in the last 5 yr.
An outbreak of contact photosensitivity to one of these compounds-3,3',4'5-tetrachlorosalicylanilide (TCSA) was initially reported in England by Wilkinson (1961) [68] , by Calnan, Harman and Wells (1961) [69J, and by Crow (1961) [70] . Jillson and Baughman (1963) [72J reported contact photodermatitis to a cream containing 2-hydroxy-3,5-dichlorophenylsulphide (bit hionol) and demonstrated cross-photosensitivity with halogenated salicylanilides and with hexachlorophene. Photosensitivity to 4',5-dibromosalicylanilide (DBS) was reported by Mallo y and Mayer (1966) [73J and by Harber et a l [74,75J who also reported cross-photosensitivity between the halogenated salicylanilides, e.g., with TCSA and with bithionol but not with h exachlorophene. The term "persistent light reactor" was suggested by Jillson and Baughman (1963) [72J and by Jillson (1964) [76J to describe patients with photoalJergic contact dermatitis from bithionol (or related halogenated salicylanilides) who remained abnormally sensitive to sunlight for months or even years after contact with a known sensitizer which was subsequently removed.
ACTION SPECTRA ON BITHIONOL AND HALOGENATED SALICYLANILIDES
Materials and Methods
The action spectra was determined in 11 patients, 10 male, all of whom gave a past history of photosensitivity ranging from 1 to 8 yr, details of which have been published [39] . All patients had chronic dermatitis of varying severity on the light-exposed areas of the skin; a history of exacerbation of dermatitis after exposw-e to direct sunlight or through window glass was obtained. Patient 2 and t he bithionol sensitive patients 5, 6, and 11 were classified as persistent light reactors.
Chemicals
More than 50 patches (approximately 2 x 2 cm) containing a 1 % concentration of the selected sensitizer in petrolatum were applied to normal areas of skin on the dorsa of the trunk.
Methods
At 24 hr individual patches were removed and irradiated with monochromatic radiation of known intensity in the range of 320-400 nm. The dose was adjusted to be delivered in 25% increments. The patches were subsequently recovered and t h e results of any erythematous reaction recorded 24 hr later. Cases 2, 5, and 6 were considered to be persistent light reactors because photosensitivity persisted several years despite absence of contact with the sensitizer and were tested with 300 nm UVB alone.
Results
The 3 persistent light reactors irradiated at 300 nm showed decreased sensitivity in which t he MED ranged from 2.1-3.5 mW.sec/ cm 2 , mean 2.75 (control m ean 11.6 mW.sec/cm 2 ) which is approximately 4.2 times more sensitive. The results of the action spectra in UV A on t he photopatch tests are indicated in Table IX . The order of sensitizing ability was TCSA, Bithionol, DBS, and TBS. The wavelength of maximum sensitivity of TBS was at 370 nm, TCSA 360 nm, a nd bithionol 330 nm.
NORMAL SKIN PLUS AN ENDOGENOUS AGENT
PORPHYRIA Previous studies hive shown t hat t he action spectra of porphyria [ 40-42, 77J is maximal in the region of the soret band (400-410 nm) , and to a lesser extent between 500-600 nm, which corresponds with t he absorption spectra of porphyrins measured in vitro in a spectrophotometer [78] . As early as 1898, Anderson [79] suggested that porphyrins might be associated with abnormal sensitivity to sunlight. The classic experiment was that of Meyer-Betz who injected 200 mg. of hematoporphyrin into his own vein and becam e acutely sensit ive to sunlight for several l11onths [80] . The degree of photosens itivity may depend on the type and quantity of porphyrins in the skin and in t he plasma, but accurate porphyrin determinations cannot easily be made on small skin biopsies because of t he low porphyrin content. Reported values vary fTom 0 to 20.8 Ilg per 100 gm of fresh skin [81] . The intensity of monoch.romatic light at 400-410 nm required to produce minimal erythema has been reported to be in the range of 10"-10 7 IlW.sec/cm[42,69J but a correlation between plasma and skin porphyrin determinations was not studied . CRIPPS 
ACTION SPECTRA OF PORPHYRIA
Subjects
Six patien ts with eryttu'opoietic pro to porphyria (EPP) who gave a history of burning pain and swelling of the skin within 15 min of s unlight exposure were tested with polychromatic a nd monochromatic radiation . The quantity of erythrocyte protoporphyrins [82, 83] was determined on the sam e day as the light test. Three patients with porphyria cutanea tarda (PCT) were also irradiated. All had typical clinical fe atures presenting with easy fragility of the skin on t he light exposed areas, hyperpigmentation and hypertrichosis. Quantitative plasma uroporphyrins were correlated with monochromatic radiation at 405 nm.
Methods
S ix patients with EPP were exposed to midday s unlight or an 800 W iodine tungsten lamp. The total dose of radiation required to produce burning pain (t he cardinal symptom in EPP) was noted. On the sam e day, patients were then irradia ted on the dorsa of the trunk at 405 nm at measured intensity with or without the application of heat applied immediately after irradiation. Heat was applied in the form of a hot pad or from infrared, fIltered from the tungsten lamp.
Results
In 6 patients with EPP the dose of radiat ion to produce burning pain and erythema from exposure to sunlight or an iodine t ungsten lamp was noted . Monoclu:omatic tests with 405 nm were performed on the sam e day and were initially positive in only 1 of 6 patients, but after the application of h eat 3 of 6 Vol. 77, No.1 showed erythema and whealing. The dose required to produce erythema at 405 nm was less wit h heat. There appeared to be som e correlation with the level of circulating erythrocyte protoporphyrin; plasma protoporphyrin was less than 4 p.g% and not considered significant.
In PCT erythema could be produced with less dose of radiation at 405 nm than patients with EPP. Also from the data presented in Table X it might be inferred that in PCT, a plasm a uroporphyrin level above 10 p.g% might be required to produce a reaction at 400-410 nm with an intensity above 3 X 10 6 uW .sec/cm 2 .
In 5 of 6 patients with EPP the addition of a h ot pad was required to produce a reaction, although Runge and Watson[84J reported that infrared in the region of 2.6 U potentiated photosensitivity. Heat without a specific wavelength may be all that is required. The characteristic frequency of porphyrins determined by infrared spectroscopy is in the region of 3-8 U [85] . Monochromatic irradiation of patients with EPP at 400-410 nm is likely to resu l t in n egative tests. In cases 1 and 5 a positive reaction was obtained only after a hot water bottle was applied to the test site. Control sites without light at 400 nm showed no reaction.
ABSORPTION SPECTRA
The application of the Bougyer-Lambert Beer's Law to the action spectra in a biological system such as the skin has been discussed by Magnus [40] (1965) , with particular application to porphyria. In a system being studied by action spectroscopy for a photosensitizing substance the smallest dose of radiation to cause an observed effect should occur with m onochromatic radiation that corresponds with a maximum of the absorption T ABLE IX. Action spectra of ha logena ted salicylanilides photosensitivity (11) coefficient of the suspected photosensitizer. There is good correlation between the absorption spectra and action spectra of porphyrins [ 40] and halogenated salicylanilides [39] , providing the solvent is in a basic pH; phenolic ionization occurs with maximum absorption at 360 nm. The absorption spectrum of 8-MOP shows maximum peaks at 219, 249 and 298 nm. There was no enhanced photosensitivity at 298 nm; the peak photosen sitivity was at 330 nm. Similarly for TMP peak absorption occurred at 249 and 295 nm with a sligh t shoulder at 335 nm which did correspond at least with the peak action spectra of TMP. Photosensitivity was not observed above 380 nm and neither was there a significant absorption.
SUMMARY
An instrument used for action spectroscopy is described using a prism grating monochromator with a 4 nm half bandwidth. Results in controls show maximum sensitivity at 250 nm with a secondary maximum sensitivity between 292.5 and 294 nm and a significant decrease of photosensitivity at 275 nm with little sensitivity above 320 nm .
The reason for the differences in t he published results of normal action spectra have been discussed by several authors (Magnus, 1976) [86] and depend on a number of factors: t he time after UY exposure that the erythema reaction is assessed, (4) i.e. at 8 or 24 hr; the site of skin tested; the criteria for measurement a nd interpretation of dose to cause minimal erythema, i.e., MED at 250 nm is less than 293 nm but if the dose is higher t hen the 250 nm site remains faintly erythematous in contrast to the stronger erythema at 293 nm; stray radiation, which is higher in single monochromators, may affect interpretation. Selection of bandwidth is also important: the smaller the more specific, but with corresponding loss of intensity. Action spech'a in t hese studies were performed at 4 nm and stray radiation was less than 0.001%. Action spectra in 68 patients with various types of photodermatoses are described; 1 with XP, 12 with LE, 23 with PLE, 4 with solar urticaria, 2 with actinic reticuloid, 6 with psoralen phototoxicity, 11 patients with halogenated salicyla nilide photosensitivity, 3 of which were persistent light reactors, and 9 patients with prophyria.
The most exquisite photosensitivity for delayed erythema was observed in actinic reticuloid, which not only was 25-35 times more sensitive in the UYB range but photosensitivity also occurred in the visible range up to 546 nm. Patients with photoallergy who are persistent light reactors were observed to be approximately 4 times more sensitive in the UYB range.
Two patients with solar uticaria, cases 1 and 2, who had maximum sensitivity at 310 nm showed immediate erythema with a dose that was also more sensitive than a corresponding dose in controls for delayed erythema.
In contrast, an MED in the normal UYB range was observed in PLE and LE; however, persistence of erythema and edema at test sites was observed in XP, PLE, LE, actinic reticuloid and persistent light reactors. Delay in the development of erythema with peak sensitivity at 72 hI' was observed in XP and psoralen phototoxicity. (Table XI) Examples of wavelength maximum above 290 nm are shown in Table XII . (6) (313-380) 330 UVB/ UVA 6.0 X 10" 0.1% TMP (6) (313-380) 335 UVB/UVA 4.0 X 10" Bithionol (2) (320-380) 330 UVA 1.0 X 10" TCSA (4) (320-410) 360 UVA 1.0 X 10" TBS (4) (320-400) 370 UVA 1.9 X 10" DBS (1) (320-400) 360 UVA 3.8 X 10"' porphyria (9) (360-650) 405 UVA/ VIS 6.0 X 10';
